Abstract
Introduction

60
Aerosols less than 1 µm in diameter play particularly important roles in the Earth's 61 radiative balance and air quality, a large fraction of which is organic carbonaceous material of 62 biogenic origin (~70%) (Hallquist et al., 2009 ). Isoprene, with a global emission rate of 500 TgC that can partition to the condensed phase, or the reaction of gas-phase oxidation products in the 67 condensed phase to form products which remain in the condensed phase. Each of these two SOA 68 formation mechanisms have been heavily studied in the case of isoprene.
69
The atmospheric oxidation of isoprene under low NO conditions typically proceeds by
70
OH radicals, leading to the formation of first generation isoprene hydroxy hydroperoxides analyzed via nuclear magnetic resonance, no evidence was found for the production of C5-alkene 96 triols or 3-MeTHF-3,4-diols, and although a second isomer of the MeTHF diol was observed (3-
97
MeTHF-2,4-diols), the formation rate from IEPOX was calculated to be so slow relative to 98 nucleophilic addition that its formation would be limited to situations where the aerosol had low 99 water content (Watanabe et al., 2018 IEPOX distributions where reactive uptake is a dominant sink for IEPOX (Gaston et al., 2014) .
113
In this work we seek to understand the nature of products formed via the reactive uptake 114 of IEPOX in aqueous acidic particles and the flow of carbon between the gas-and particle- FIGAERO filter in order to get a measure of the gas adsorption artifact on the primary filter. Gas 182 zeros were conducted every 2 minutes by over blowing the CIMS pinhole flow with UHP N2.
183
The specific coupling to a HRToF-CIMS with iodide ions allows detailed molecular analysis of 184 hundreds of oxygenated organic compounds via a clustering, fragmentation-free ionization
185
process.
186
The FIGAERO-CIMS was also utilized to perform isothermal evaporation experiments as 
Results & Discussion
203
Chamber-generated IEPOX SOA Composition and Volatility
204
Our primary goals with this experiment were to assess whether chamber-generated
205
IEPOX SOA had a composition and volatility similar to that inferred from field measurements 
217
Regardless of the conditions, the uptake of an authentic IEPOX standard onto acidic 218 seeds in these experiments results in a rather simple observed particle-phase composition upon In previous work, we have related the temperature at which the ion signal for a given standards (gray, dashed) of the two major particle-phase compounds detected in the chamber: 257 C5H12O4 (top) and C5H10O3 (bottom).
259
The C5H10O3 thermogram, in contrast, is monomodal, suggesting a single component 260 giving rise to its desorption. However, the Tmax is much higher than the corresponding authentic 
Insights into Volatility via Isothermal Evaporations
289
The above considerations of chamber generated IEPOX SOA suggest that a large fraction
290
(the high Tmax mode) should be relatively stable against evaporation upon dilution of the gas-291 phase, while the lower Tmax mode of the C5H12O4 (2-methyltetrol) component should respond to 292 dilution by evaporating from the particle-phase. To test this hypothesis, we conducted isothermal 293 evaporation experiments using IEPOX SOA generated in the chamber.
294 Figure 4 shows an example ion signal time series during an isothermal evaporation 295 experiment for C5H12O4. C5H12O4 is detected in the gas-phase during particle collection (middle volatile organic compound (SVOC), being present in both the gas-and particle-phases, and 319 evaporating promptly from the particle-phase in response to dilution of the surrounding organic 320 vapors at room temperature. we show below, the semi-volatile nature of the 2-methyltetrol, a major product of IEPOX 348 reactive uptake, will cause it to partition strongly to the gas-phase under typical atmospheric 349 conditions outside of cloud. 
Effect of RH and Acidity on IEPOX SOA Characteristics: Mechanistic Insights
380
We performed two time-dependent "batch mode" chamber experiments using IEPOX and 381 acidic aqueous seed particles, one at 30% and the other at 50% RH. By operating in batch mode 382 as opposed to continuous flow mode, we are able to temporally resolve the formation of SOA.
383
By varying the RH, we simultaneously varied the liquid water content relative to sulfate, and 384 therefore also acidity. Three sequential thermal desorptions of C5H12O4 obtained over the course
385
of experiments (~10 hrs total) at 30% (left) and 50% (right) RH are shown in Figure 6 , top. At 386 30% RH, the lower Tmax (higher-volatility) mode grows in rapidly and is clearly visible in the 387 first desorption (black line). The first desorption occurred after 43 minutes of particle collection,
388
which began immediately after the seed was injected into the chamber and IEPOX uptake was experiments at 30% RH (right) and 50% RH (left).
397
In the 50% RH batch experiment, the lower Tmax (higher-volatility) mode of the C5H12O4 components which affects volatility.
423
From these observations we can draw two conclusions regarding the mechanisms that
424
give rise to the dominant components of IEPOX SOA, illustrated in Figure 7 . First, the low Tmax, denotes semi volatile species that actively partition between the gas-and particle-phases, light 442 green denotes species that are of lower volatility, and dark green outline denotes a coating.
444
Another possible mechanism of organosulfate formation, as well as sulfate ester 445 oligomers, is via SN2 reactions where one of the 2-methyltetrol -OH groups is protonated to 446 make H2O the leaving group while bisulfate, sulfate, or an organosulfate is the substituting group 447 (Figure 7) . At 30% RH, the particle acidity is higher due to less dilution of the sulfate, which SOA is composed of oligomers formed in part from slower particle-phase accretion chemistry,
498
likely involving the first generation organosulfates and possibly also the 2 methyl-tetrol, though 499 we can't distinguish between these possible combinations. The distribution of products and 500 formation timescales depend upon aerosol water, sulfate, and hydronium ion activities, and thus 501 ultimately on ambient RH and particle alkalinity sources.
502
These findings help to resolve inconsistencies in the descriptions of IEPOX SOA 503 formation from gas-phase IEPOX reactive uptake. The low SOA yield per reactive uptake of 504 IEPOX on aqueous acidic seed can be explained as 2-methyltetrol, the dominant product, being 505 semi-volatile and largely partitioning out of the particle-phase especially in a system with gas- 
509
Partly this discrepancy reflects a lower SOA yield per IEPOX lost than accounted for in models,
510
for which we provide an explanation, and also a role for organic coatings that likely exist in the 
513
These aspects likely have some cancelation of errors, but could lead to errors in models of 514 IEPOX abundance and the IEPOX SOA production rate, and thus their corresponding spatial 515 variability. For example, in regions with relatively fresh, uncoated aqueous acidic particles, 516 models using a low reaction probability would underestimate the IEPOX loss rate from the gas- 542   543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578 Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2019-271 Manuscript under review for journal Atmos. Chem. Phys. 
